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Diferentes calibra¢des e modificadores foram testados para a determinagdo de Cd, Pb e Tl
em biodiesel por espectrometria de absorcdo atdmica em forno de grafite (GF AAS). Foram
preparadas microemulsdes usando-se 2 g de biodiesel, 1 mL de solugdo aquosa de dcido nitrico
10% (v/v) e n-propanol até o volume final de 10 mL. As temperaturas de pirdlise foram: 600 °C
para Cd e Tl com Pd como modificador permanente e 800 °C para Pb com Ru como modificador
permanente. As temperaturas de atomizacdo também foram otimizadas. A calibraciio aquosa niao
corrigiu as interferéncias ndo espectrais, mas a calibragdo com simulacdo de matriz produziu
resultados exatos com recuperagdes entre 80 e 116%. Os valores de RSD foram menores do que
8% para e Cd e Pb com valores de LOD de 0,5 ng g!' para Cd, 6 ng g paraPb e 1 ng g! para Tl.
Os resultados obtidos usando-se calibra¢do pelo método de adi¢des de analito e por simulagdo de
matriz foram concordantes. Padrdes organometalicos ndo foram necessdrios. Diferentes amostras
de biodiesel foram analisadas.

Different calibration approaches and modifiers were tested for Cd, Pb and Tl determination
in biodiesel by graphite furnace atomic absorption spectrometry (GF AAS). Microemulsions
were prepared by mixing 2 g of biodiesel, 1 mL of a 10% (v/v) nitric acid aqueous solution and
n-propanol to a 10 mL final volume. Pyrolysis temperatures of 600 °C for Cd and TI with Pd as
permanent modifier, and 800 °C for Pb with Ru as permanent modifier were used. Atomization
temperatures were also optimized. Calibration solution prepared in aqueous medium did not correct
non-spectral interferences, but matrix matching calibration using base oil led to accurate results
with recoveries from 80 to 116%. The RSD values were lower than 8% for Cd and Pb and the
LOD values were 0.5 ng g! for Cd, 6 ng g"! for Pb and 1 ng g for TI. The obtained results using
the analyte additions method or by matrix matching calibration were in agreement, confirming
the accuracy of the proposed procedure. Organometallic standards were not required and different
samples were analyzed.
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Introduction

In recent years, biodiesel has been considered an
important fuel, not only because of its advantages in
relation to environmental pollution, but also because it
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is produced from renewable sources, being an adequate
substitute for fossil fuels.!* However, some problems
are associated with its performance in engines due to its
high viscosity, high molecular weight and low volatility
that may cause deposits in the motors and super-heating
of the injectors. Another problem is still the high costs of
production.*’ In spite of these problems, high investments
are being made in the development of technologies for
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the production and use of biodiesel from different raw
materials.

Biodiesel is mainly obtained by the alcoholic
transesterification of vegetable oil or vegetable or animal
fat, generally, in the presence of a catalyst.*® It is produced
from renewable biomass with a high potential for reduction
of the emissions in the environment, being considered neutral
in relation to carbon emission, since all carbon liberated in
the combustion is captured by the plantations used in the
production of the fuel.® Biodiesel is almost free from sulfur
and nitrous polyaromatic hydrocarbons.*>!%!" In addition, it
is considered to be an inexhaustible source of energy, having
an energetic content similar to diesel from petroleum. In
Brazil, the development of the technology for automotive
vehicles is a priority. A mixture of 2% (v/v) biodiesel in
diesel is already being commercialized and is expected to
reach the 5% (v/v) fraction in 2013."2 According to Agéncia
Nacional do Petréleo, Gas Natural e Biocombustiveis (ANP),
resolution n° 07 from 03/19/2008, biodiesel B100 is defined
as the fuel composed of alkyl esters of long chain fatty acids,
produced from vegetable oils or animal fat and biodiesel B2
is the commercial fuel mixture containing 98% (v/v) of diesel
oil and 2% (v/v) of biodiesel B 100."

The quality control of fuels by determination of metals
is important as they may change the motor performance
and may be a pollution source, with consequences to the
health of the population.'*!* Cadmium, Pb and Tl are some
of the elements whose accumulation in the environment,
due to human activity, has been reported in recent years. '8
These elements are important for industry (Cd and Pb) and
medicine (T1), explaining their widespread use.'® They are
among the most harmful to health elements, even at low
concentrations, causing damage to several body organs,
such as lung, kidneys, liver and nervous system.???
With the introduction of biodiesel as an alternative fuel,
the same type of control is required. Metals and other
elements can be absorbed by the plants, depending on the
characteristics of the soil, and consequently their natural
constituents. They also can be introduced during the
production, transportation or storage of the fuel or added to
improve the fuel characteristics.'>** Some compounds and
complexes containing metals in the vegetable oil or animal
fat may influence the kinetics of the reactions involved in
the biodiesel production, acting as catalysts or catalyst
poisons.?® In the biodiesel, some metal compounds may also
change the biodiesel properties, concerning combustion in
motors, due to oxidation.?” So far, there is no regulation in
the Brazilian legislation concerning the levels of Cd, Pb
and Tl in biodiesel, probably because their concentrations
are very low and difficult to be measured. There is a lack
of studies about their effects on the oil properties.
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The determination of elements in biodiesel is a challenge
to the analytical chemists. This kind of sample, viscous and
complex, frequently needs to be converted to a convenient
form, in order to be introduced in an analytical instrument.
Also calibration is a problem, because standard solutions
prepared in aqueous medium usually do not compensate for
the non-spectral interferences.”®* The conventional sample
treatment normally involves digestion. Wet digestion of
sample with a high organic content may include calcinations
at high temperature and the use of an acid mixture. Some
of the disadvantages of such a treatment are the long time
required to complete the process, risk of loss of the volatile
elements, sample contamination during its treatment and
the use of toxic and dangerous acids.***' The digestion
can be assisted by microwave, which reduces the sample
preparation time, but increases the analysis cost. In order to
minimize the associated problems with sample treatment, the
direct analysis of a sample microemulsion may be an easier
alternative. Microemulsion is a transparent three component
system, composed of water, oil and amphiphilic compounds,
such as alcohols. They are formed instantaneously, are
thermodynamically stable and have relatively low viscosity.
3235 Tn some cases, it is possible to use calibration against
aqueous standards, when the sample is analyzed as a
microemulsion,* or at least inorganic standards can be
use in a matrix-matched calibration. Microemulsions have
been used to determine metallic and semi-metallic elements
in different fuels by graphite furnace atomic absorption
spectrometry (GF AAS). This technique has excellent
sensitivity and allows the determination of trace metals in
fuel samples after a simple pre-treatment.””* In addition this
technique may produce accurate results, even for complex
samples, since the interference is minimized by using a
temperature program, optimized in the presence of chemical
modifiers. The modifiers usually act stabilizing thermally the
analytes, allowing higher pyrolysis temperature and better
matrix elimination.*>

The objective of this work consist in the study of
modifiers in solution and also as permanent modifiers and
calibration techniques for the development of a method
for the determination of Cd, Pb and Tl in biodiesel. The
feasibility of using a simple treatment, consisting of the
formation of a biodiesel microemulsion, will be investigated.
Aqueous and matrix matching calibrations will be tested.

Experimental
Instrumentation

All measurements were performed in an atomic
absorption instrument AAS 5 EA (Analytik Jena AG,
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Table 1. Temperature program for determination of Cd, Pb and Tl in microemulsion of biodiesel samples by GF AAS

Step Temperature / °C Ramp /°C s’ Hold /s Ar flow rate / L min™!
Dry I 90 10 5 2.0

Dry II 120 15 10 2.0

Dry III 250 15 10 2.0
Pyrolysis 600%/800°/600° 100 20 2.0
Auto-Zero 600/800 °/600° 0 0
Atomization 1300%/1800°/1700° FP” 0

Clean out 1700%/2200°/1900¢ 1000 2.0

2Cd, ® Pb and ¢ TI; * Full Power

Jena, Germany) with transversely heated graphite furnace
atomization system and deuterium lamp background
correctior. The instrument, controlled by a compatible
PC, was coupled to an auto sampler MPE 5 (Analytik
Jena). Cadmium, Pb and T1 hollow cathode lamps (GLE,
Berlin, Germany) were used operating at 8.0, 4.0 and
4.0 mA, respectively. The measurements were realized
at wavelengths of 228.8 nm for Cd, 283.3 nm for Pb
and 276.8 nm for Tl with 0.8, 0.2 and 0.2 nm spectral
resolution, respectively. All experiments were carried out
using pyrolytically coated graphite tubes with pyrolytical
graphite platform (Analytik Jena, part no. 407-A85.025).
Argon (99.996%, White Martins, Sdo Paulo, Brazil)
was used as purge and protective gas throughout. The
optimized graphite furnace temperature program used for
the determinations is shown in Table 1.

Reagents and samples

All reagents used were of analytical grade. The water used
in all procedures was purified in a Milli-Q system (Millipore,
Bedford, MA, USA) to aresistivity of 18 MQ cm. Nitric acid
(Carlo Erba, Milan, Italy, no. 408015), purified by subboiling
distillation in a quartz still (Kiirner Analysentechnik,
Rosenheim, Germany), and n-propanol (Merck, Darmstadt,
Germany No. 1.00997.1000) were used in the samples and
calibrations solutions preparation. Monoelemental solutions
of Cd, Pb and TI were prepared by proper dilution with
purified water of stock solutions containing 1000 pg mL™! of
each analyte, i.e., Cd (CdO), Pb (Pb(NO,),) and TI (TINO,)
(Spex, Edison, NJ, USA). The AccuStandard base oil (New
Haven, CT, USA, PN B1035005) was used for the blank and
calibration solutions preparation.

Biodiesel samples B100 supplied by Instituto
Tecnolégico do Parana (TECPAR) were analyzed. All
samples were produced by basic transesterification of oils
from different sources in methanol medium: castor bean
(B100-M), soybean (B100-S) soybean lees (B100-B),
cotton (B100-A), animal fat (B100-F), fodder turnip
(B100-N) and sunflower (B100-G).

Calibration solutions preparation

The analyte additions calibration curves were obtained
from monoelemental stock solutions of the analytes by
proper dilution in aqueous medium, as microemulsion with
base mineral oil. The calibration standards microemulsions
were prepared using 2.0 g of base oil, 1.0 mL of a 10% (v/v)
acid nitric aqueous solution and n-propanol to a 10 mL
final volume. Results for different calibration curves were
evaluated based on sensitivity and accuracy of the obtained
concentration values.

Sample preparation

The biodiesel samples were prepared in triplicate
using an aliquot of approximately 2 g exactly weighed in
a polypropylene flask. After that, were added 1.00 mL of
a 10% (v/v) nitric acid aqueous solution and n-propanol to
a final volume of 10 mL. The mixture was then manually
stirred to form the homogeneous microemulsion.

Modifiers

Palladium and Ru were employed as permanent
modifiers, Pd for determination of Cd and TI, and Ru for
determination of Pb. The deposition of the modifier on the
graphite surface was carried out by injecting 20 uL of a
1.0 g L' solution of the modifier, Pd or Ru, onto the graphite
platform inserted in the graphite tube and by submitting
the tube to a temperature program shown in Table 2. This
procedure was repeated 25 times resulting in a 500 g total
mass of Pd or Ru on the platform.

Results and Discussion
Pyrolysis and atomization curves
Palladium and Ru, either in aqueous solution or as

permanent modifiers, were tested, for the different analytes,
employing pyrolysis and atomization temperature curves,
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Table 2. Temperature program for Pd and Ru modifiers deposition on the L’vov platform onto graphite furnace for modifiers study for determination of

Cd, Pb and T1 in biodiesel microemulsion by GF AAS

Temperature / °C Ramp /°C s! Hold /s Ar Flow / L min™!
130 30 20 2.0

400 30 20 2.0

400 0 6 0

1000 1000 10 0

2000 100 5 2.0

which are shown in Figure 1. Curves without a modifier
are also shown. In order to choose the best modifier
and the optimum temperatures, peak shape (not shown
here), intensity signal and thermal stability were taken
into consideration. For Cd, the pyrolysis curves were
carried out with the atomization temperatures of 1300 °C
without modifier and 1500 °C in the presence of the
modifiers. The atomization curves were obtained with the
optimized pyrolysis temperature, i.e., the temperature that
has presented the highest sensitivity and the best signal
profile. For Pb, the atomization temperatures for obtaining
the pyrolysis curves were 1500 °C without modifier and
1800 °C with modifier. For T1, the atomization temperatures
were 1700 °C without and 1900 °C with modifier. For both,
Pb and T1, the atomization curves were obtained using the
same criteria as for Cd. As shown in Figure 1 for Cd, Pd
promoted better stabilization in comparison to Ru, either
in solution or as permanent modifier. Palladium in solution
performed somewhat better than as permanent modifiers,
concerning sensitivity and thermal stabilization. However,
Pd as permanent modifier produced a better defined peak
shape. Considering this and the fact that the permanent
modifier is more practical, since the modifier does not need
to be pipetted into the tube before each determination, a
Pd layer deposited on the graphite tube was selected as
the permanent modifier for Cd. The chosen pyrolysis and
atomization temperatures were respectively, 600 °C and
1300 °C.

The pyrolysis curves for Pb have shown that Ru as
permanent modifier was more adequate for this analyte,
concerning thermal stability. Peak shape was also better
defined with this modifier. In spite of that permanent Pd
produced higher sensitivities for lower pyrolysis temperature,
the thermal stabilization was less effective, since analyte
loss occurs for pyrolysis temperature higher than 600 °C. In
addition, Pd is more volatile than Ru, and may be partially
lost during atomization and tube cleaning. Ruthenium, as
a permanent modifier, was chosen for the determination of
Pb, allowing high pyrolysis temperature. For this analyte the
adopted pyrolysis temperature was 800 °C and the chosen
atomization temperature was 1800 °C. It is noticeable that
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Figure 1. Pyrolysis and atomization curves for biodiesel microemulsion

(B100-F): without modifier (m); with Pd solution (®); with Pd permanent
(0); with Ru solution (¥) and with Ru permanent (V).
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the optimum atomization temperature is higher when Pd in
solution is used as modifier.

No signal was obtained for Tl in the biodiesel samples,
indicating concentrations below the quantification limit.
The sample microemulsion was formed and enriched
in Tl by adding an aqueous standard solution to the
aqueous phase, to a 20 pug L' final concentration in the
microemulsion. The curves show that the permanent
modifiers and Pd in solution promote similar thermal
stabilization. Ruthenium in solution, however, produced
lower sensitivities. Palladium in the permanent form was
selected as modifier for T1, using pyrolysis and atomization
temperatures of 600 °C and 1700 °C, respectively.

Since Pd is not very thermally stable and considering
the cleaning temperature of 1900 °C (Table 1), it was
necessary to check the modifier action of the Pd layer
along the tube lifetime. Using the optimized conditions, a
microemulsion formed with the biodiesel produced from
soybean lees enriched with 40 ug L' of Tl and a standard
aqueous solution of Tl in the same concentration, were
measured in newly treated graphite tubes. No significant
variation in the intensity signal with the number of cycles
was observed up to eighty cycles, either measuring the
microemulsion or the aqueous solution.

Calibration

Two simple and rapid calibration strategies were
applied: calibration against standard solutions prepared
in aqueous medium and matrix-matching calibration
using microemulsion prepared with base oil. The analyte
additions method was also used for comparison purposes.
The microemulsion was enriched with the analyte by
adding the aqueous standards to the aqueous phase of the
microemulsion. The slopes of the calibration curves obtained
for solutions prepared in aqueous medium for all analytes
were higher than those obtained by the two other approaches.
For Cd, the difference in the slope was more than 50%, while
for Pb, it was 39% and for T1, it was 22%. However, similar
slopes and concentration values were obtained, for each
analyte, using matrix matching calibration or the analyte

J. Braz. Chem. Soc.

additions method, indicating that non-spectral interferences
were corrected using matrix matching calibration. These two
calibration approaches could be used, however, for practical
reasons, including higher sample throughput, the matrix
matching calibration using a microemulsion prepared with
base oil is recommended.

Metal stability in the microemulsion

The microemulsion composition is very critical for
analytes stability and probably also for the microemulsion
itself. In between two readings in the spectrometer,
the autosampler cleans the capillary tip with a solution
containing 0.2% (v/v) nitric acid and 0.5% (v/v) Triton
X-100. A residue of this solution remained on the tip,
which sinks in the measuring solution, changing slightly
the microemulsion composition. Washing the capillary
tip, it was found that the signal intensity for each analyte,
decreased by repeating the measurement of the same
solution several times. It was decided not to wash the tip
between the measurements.

The signal intensity stability was demonstrated by
reading the same microemulsion aliquot or an aqueous
standard solution, kept in open 2 mL polypropylene
autosampler cups, every 15 min. No significant difference
in the signal intensity, for each analyte, was noticed up
to 120 min, with or without mechanical agitation of the
microemulsion or standard solution, indicating that the
metal in the microemulsion was stable for at least 120 min.

Analytical figures of merit

The slopes of the calibration curves, their linear
correlation coefficients (R), the limits of detection (LOD)
and the characteristic masses are shown in Table 3. The
limit of detection was defined as three times the standard
deviation of ten measurements of the blank divided by
the slope of the calibration curve and calculated for the
biodiesel samples. The limit of quantification (LOQ) was
defined as three times the LOD. Good linearity was obtained
for all situations with R = 0.994. As already discussed,

Table 3. Analytical figures of merit for determination of Cd, Pb and TI in biodiesel by GF AAS using different calibration strategies: aqueous calibration

(AC), matrix matching (MM) and analyte additions (AA)

Calibration Cd Pb Tl

AC MM AA AC MM AA AC MM AA
m(pg) 1 3 3 21 28 30 4 5 5
Slope (s ng™) 3.35 1.52 1.60 0.211 0.158 0.145 1.193 0.975 0.910
R 0.996 0.994 0.999 0.999 0.999 0.999 0.995 0.999 0.998
LOD (ng g") 0.6 0.5 0.5 8 6 4 3 1 1
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Table 4. Concentrations values, in ng g*!, for Cd and Pb, (mean + confidence interval), in different biodiesel samples by GF AAS, using calibration against
aqueous solutions (AQ), matrix matching (MM) and analyte additions (AA), after microemulsion formation (n = 3)

Sample Cd Pb
AQ MM AA AQ MM AA

B100-S <18 <15 <15 <24 <18 <12
B100-F 3.0+09 7.5+£22 79+2.0 <24 <18 <12
B100-M <18 <15 <15 <24 <18 <12
B100-B <138 25+09 32+0.7 38+4 53+3 55%5
B100-A <138 <15 <15 <24 <18 <12
B100-N Nd Nd Nd 556 31 72535 763 34
B100-G Nd Nd Nd 148 + 19 233+ 14 234 +33

*Nd: not determined.

higher slopes were found for calibration curves found with
aqueous standard solutions. The analyte additions method
and the matrix matching calibration produced similar slopes
for each analyte, indicating compensation of non-spectral
interferences. The detections limits were very low, in the
ng g level or even below.

Accuracy of the proposed method was checked by
comparing the results obtained for 7 biodiesel samples,
using matrix matching calibration or the analyte additions
method, when possible. As already mentioned the
calibration against standard solutions prepared in aqueous
medium led to inaccurate results and were shown only
for comparison. All results are in Table 4. The values
obtained by matrix matching or analyte additions were
in agreement, according to the t-student test at a 95%
confidence level, indicating compensation of non-spectral
interferences. The found concentrations were quite low
for Cd. For Pb, the concentrations were much higher,
especially in the one produced from fodder turnip and in
the other from sunflower, probably due to contamination
problems during production, transportation and storage,
or by absorption from contaminated soils. Coutinho and
Barbosa* had reported that fodder turnip is a plant used
in phytoremediation of contaminated soil.* Thallium was
not detected in any sample.

In addition, the recovery test was applied to the
biodiesel sample B100-B, enriched with aqueous inorganic
standards during the microemulsion formation. As shown
in Table 5, the recovery values were in the range of 80

Table 5. Recovery test performed on a soy biodiesel sample using matrix
matching calibration

Cdr Pb° Tl
Addition 2.5 /50%15¢  4.5+03 111+4 15335
-1
(ng g™ 504100725  7.1+12 1447  2341+3.7

Recovery range (%) 80-92 91-116 94 - 102

to 116%, confirming the good accuracy of the proposed
method. The precision, expressed by the relative standard
deviation calculate in this situation, was adequate, with
RSD values below 8%.

Conclusions

The sample preparation is easy and rapid, requiring
only the mixing of three liquid components, in the
laboratory ambient conditions, to form a microemulsion,
in which the metals are stable during an appropriate time
to carry out the measurements. Heating, large amount of
concentrated acids and other drastic procedures are not
required, reducing the risks of sample contamination or
analyte loss that could be critical due to the volatilities
of the analytes. However sample dilution is required
(2 gin 10 mL) in order to form the microemulsion. Even
though, the detection limits of the proposed methods are
quite low at the ng g' level or below. Permanent chemical
modifiers were chosen, Pd for Cd and T1, and Ru for Pb.
The modifier made possible the use of relatively high
pyrolysis temperature, certainly contributing for the
good accuracy. Calibration against standard solutions
prepared in aqueous medium could not be applied to the
biodiesel sample as microemulsion. Either the analyte
additions method on the microemulsion or a matrix
matching calibration produced accurate results. However,
for practical reasons, the matrix matching calibration is
recommended. In this case, a base oil is necessary to
form the standard microemulsion. The analyte is added
to the microemulsion used for calibration, as a standard
aqueous solution, which is very convenient. A simple and
accurate method for the determination of Cd, Pb and Tl in
biodiesel samples by GF AAS is proposed. The GF AAS,
once more, demonstrates enough robustness to analyze
viscous and complex sample, such as biodiesel.
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